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PATRIC Genome Annotation
PATRIC PathogensPATRIC Pathogens

Named RefSeq PATRIC

Isolates Genomes Genomes

Bacteria

Brucella sp. 24 2 4

Coxiella burnetti 1 4 2

Rickettsia sp. 186 6 9

Viruses

Caliciviruses 1036 13 52

Coronaviruses 286 11 170

Hepatitis A viruses 14 1 17

Hepatitis E viruses 9 1 37

Rabies viruses 13 1 9

Hepatitis

Q Fever

Typhus, RM Spotted Fever

Foodborne Gastroenteritis

SARS

Hepatitis

Rabies

PATRIC Organisms Associated Diseases

Brucellosis

kb topology NA Sense PolyA ORFs

Bacteria

Brucella sp. 3200 circular dsDNA 3300

Coxiella burnetti 2000 circular dsDNA 2134

Rickettsia sp. 1200 circular dsDNA 834

Viruses

Caliciviruses 8 linear ssRNA + + 3

Coronaviruses 30 linear ssRNA + - 14

Hepatitis A viruses 7 linear ssRNA + + 1

Hepatitis E viruses 7.5 linear ssRNA + + 3

Rabies viruses 12 linear ssRNA - 5

PATRIC Organisms
Genome Properties



Organism Class 1
Precedence    1

234

Reference Genes

85%

10%

4%

1%

Reference 

Genome

Associated 
Genome

Associated 
Genome

Associated 
Genome

Reference Gene Set

Compile sets of orthologous genes

• Within and between organism categories 

(genera)

Purpose

• Identify conserved genes characteristic 

of categories

• Identify organism-specific genes

• Facilitate functional characterization

Methodology

• Construct reference gene set by iterative 

comparison with individual genomes

• Orthology defined by:

• bidirectional best (BLAST) hit

• Conserved synteny



Reference Gene Set

-proteobacteria

-proteobacteria

Rickettsia sp.

Precedence    
1

234

Reference 
Genes

Rickettsia 
prowazekii

Rickettsia 

canada

Rickettsia 

montana

Rickettsia 

akari

Rickettsia 

bellii

Rickettsia 
rickettsii

Rickettsia 
sibirica

Rickettsia 
typhi

Rickettsia 
conorii

5

6789

Brucella sp.
Precedence    

1

234

Reference 
Genes

Brucella 

melitensis

Brucella ovis Brucella suis
Brucella 
abortus

Coxiella sp.
Precedence    

1

234

Reference 
Genes

Coxiella 
burnetii

Coxiella 
burnetii 

RSA 493

... ...



Genome Analysis Pipeline (GAP)

Protein Analysis Pipeline (PAP)

Feature Prediction

SignalPPsortII LipoP Leader Sequence

TMHMM MEMSAT2 Transmembrane Segments

PSIPred Secondary Structure

PROSITE Catalytic Site Atlas Active Sites

SuperFam/SCOP

Pfam TIGRFam

Functional Domain Prediction

HMMSmart Blimps/BLOCKS

Manual 
Curation

Sequence Similarity

BLASTP vs. PATRIC RefSet

BLASTP vs. SwissProt, GenPept, PIR, ...

Match 
RefSet?

Add to 
RefSet

No

Yes

Curate as 
Ortholog

Functional Assignment

Genome Ontology

Enzyme Commission

Features

Attributes

Genomic Sequence Analysis Pipeline (GSAP)

Annotated  Features

PGI Parser

Protein 
Sequence

BLASTX vs. 
NR Prot

GUS
Genomic 

Sequence

Sequence 

Annotation

PATRIC 

Genomes

Gene Prediction

tRNAscanSE

BLASTN 

vs. rRNAs

CDS Prediction

Glimmer GeneMark

Other Features

Repeat
Finder

RBS 
Finder

Trans- 
term

StartSite 
Matrix

etc.

Manual Curation

Genome   Sequence

PGIs:  ~1 gene/fragment

Manual 
Curation

Curation Infrastructure

Annotation

DNA Sequence

Protein Sequence



Putative Gene Intervals

Goal
Divide genome into segments, each containing a single 

gene (plus flanking sequence)

Genome Sequence (Linear)
S = (s1, s2, s3, … , sn-1, sn) sequence length = n

P = (p1, p2, p3, … , pz-1, pz) S divided into z PGIs

p1 = (s1, s2, … , sa)

p2 = (sa+1, sa+2, … , sb)

…

pz = (sy+1, sy+2, … , sz)

Gene

PGI Boundary



Putative Gene Intervals

Problem

How to choose the optimal set of gene predictions from 
heterogeneous and potentially conflicting sources?

Solution

Dynamic programming

Dj = optimal score at j

LZ
i,j = score of interval predicted by method z

Traceback gives optimal PGI parsing and best prediction

Glimmer
GeneMark

RefSeq CDS

tRNAscan
BLASTN vs. rRNA DB
etc.
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PATRIC Curation System Schematic

Gene Table

Gene/Protein Table

• Gene Name, Position, Type

• Gene Product

• Link to Position on Feature View

• Link to Gene Edit Page

• Link to Protein/RNA Edit Page

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Gene Query Tool

Search by Name, Product, 

Position, Function, etc.

Navigation Bar
Title Bar: Pathosys... VBI Logo

Organism Pages

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Navigation Bar
Title Bar: Pathosys... VBI Logo

Organism Pages

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Navigation Bar
Title Bar: Pathosys... VBI Logo

Organism Pages

Organism Synopsis
• Pathogenicity , Pathophysiology
• Genomics
• Comparative Genomics

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Links to VBI PathInfo & NCBI Taxonomy

Table of Species /Isolates w/ Links to:

• Genome Annotation Summary

• Genome Browser

• Gene Table

• NCBI Seqs & Annotation

Navigation Bar
Title Bar: Pathosys... VBI Logo

PATRIC Home Page

NIAID/BRC Blurb
Secondary 

Links

List of Organisms with Links 

to Organism Category Pages

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Comparative Genomics

Navigation Bar
Title Bar: Pathosys... VBI Logo

Genome Annotation Summary

Organism Species , Name, Origin
Status Report
• Genome Sequencing

Sequencing Center
Assembly Status
Trace Files

• Computational Annotation
Pipeline Configuration
Execution Date

• Manual Annotation /Curation
Team Leader
Curators

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Navigation Bar
Title Bar: Pathosys... VBI Logo

Protein Edit Page

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Protein Feature Display

Feature Table (Evidence)
Computationally Annotated and Experimentally 
Observed Features

Supporting Evidence
Curated Features
Structures, Domains, Signals

Curated Attributes
Functions and Properties

Navigation Bar
Title Bar: Pathosys... VBI Logo

RNA Edit Page

Feature Table (Evidence)
Computationally Annotated and Experimentally 
Observed Features

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Graphical RNA Sequence View

Curated Features
Hairpins, Loops, Domains, Features

Curated Attributes
Functions and Properties

Navigation Bar
Title Bar: Pathosys... VBI Logo

Genome Feature Edit Page

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Genomic Sequence Feature Display

Feature Table (Evidence)
Computationally Annotated and Experimentally 
Observed Features

Sequence Similarity
Alignments to Protein & RNA Databases

Curated Features
Genes, CDSs, Functional Motifs, etc.

Navigation Bar
Title Bar: Pathosys... VBI Logo

Organism Category Pages

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Navigation Bar
Title Bar: Pathosys... VBI Logo

Organism Category Pages

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Navigation Bar
Title Bar: Pathosys... VBI Logo

Organism Category Pages

Organism Category Synopsis
• Pathogenicity
• Pathophysiology
• Genomics

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Links to VBI PathInfo & NCBI Taxonomy

Table of Species/Isolates, Breakdown by:
• Species

• Annotation Status (features annotated)
• Gene Content, by:

• Gene Families
• Functional Categories

Navigation Bar
Title Bar: Pathosys... VBI Logo

Genome Browser

Organism Name
(Replicons)
Replicon Ideogram(s)

Graphical View Controls

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

Chr1 Chr2

Navigation Bar
Title Bar: Pathosys... VBI Logo

Genome Feature Overview
Scrollable, Zoomable Genome Browser with 
Query Tool



Gene Edit PageGene Edit Page

PGI Start: 103,285  End: 107 ,393 Zoom:

Forward

Reverse

D  E  V  W  V  V  G  M  G  I  V  M  S  L  I  V  L  A  I  V  *  G  N  V  L  V  I  T

  R  G  V  G  G  G  H  G  H  R  H  V  S  H  R  P  G  H  R  V  W  Q  C  A  G  H  H  S
 T  R  C  G  W  W  A  W  A  S  S  C  L  S  S  S  W  P  S  C  L  A  M  C  W  S  S  Q

D  E  V  W  V  V  G  M  G  I  V  M  S  L  I  V  L  A  I  V  *  G  N  V  L  V  I  T

  R  G  V  G  G  G  H  G  H  R  H  V  S  H  R  P  G  H  R  V  W  Q  C  A  G  H  H  S
 T  R  C  G  W  W  A  W  A  S  S  C  L  S  S  S  W  P  S  C  L  A  M  C  W  S  S  Q

gac gaggtg tgggtg gtg ggcatg ggcatcgtc atgtct ctcatc gtc ctggcc atcgtg tag ggcaat gtgctg gtc atc

gat gaccag cacatt gcc ctacac gatggccag gacgat gagaga cat gacgat gcccat gcc caccac ccacac ctc gtc

catc gtc atgtct ctcatc gtc ctggcc atcgtg tag ggcaat gtgctg gt

tggc cag gacgat gagaga cat gacgat gcccat gcc caccac ccacac ct
M  S  L  I  V  L  A  I  V  *  G  N  V  L  V  I  T

V  S  H  R  P  G  H  R  V  W  Q  C  A  G  H  H  S
S  C  L  S  S  S  W  P  S  C  L  A  M  C  W  S  S  Q

M  S  L  I  V  L  A  I  V  *  G  N  V  L  V  I  T

V  S  H  R  P  G  H  R  V  W  Q  C  A  G  H  H  S
S  C  L  S  S  S  W  P  S  C  L  A  M  C  W  S  S  Q

catc gtcatg tct ctcatc gtcctg gcc atcgtg tagggc aat gtgctg gt

ggc caggac gat gagaga catgac gat gcccat gcccac cac ccacac ct
S  L  I  V  L  A  I  V  *  G  N  V  L  V  I  T

S  H  R  P  G  H  R  V  W  Q  C  A  G  H  H  S
 L  S  S  S  W  P  S  C  L  A  M  C  W  S  S  Q

S  L  I  V  L  A  I  V  *  G  N  V  L  V  I  T

S  H  R  P  G  H  R  V  W  Q  C  A  G  H  H  S
 L  S  S  S  W  P  S  C  L  A  M  C  W  S  S  Q

BMp1046 BMp1047 BMp1048

Genomic Sequence View

PGI Name:

Organism:

Curation Summary > Genome Overview > BMp1017

BMp1047

Brucella melitensis 16M

View Sequence

Log outLogged in as:

User class:

Shirley Curating

Expert curator

Navigation:

G+C Content (%)

Codon Usage

G+C Content

G+C Content Codon Usage Codon Bias 6-Frame Translation Sliding Window Width 90

+ - ?

Curated Features

 

Color Feature Provenance Evidence Start End Owner Date Feature ID Status Edit 

 CDS 1,2,3,4,5 IC 102456 102724 EES 2005-02-12 vbi_bm1_5358 Final view 
 Gene 1,2,3,4,5,6,8 IC 102384 102724 EES 2005-02-12 vbi_bm1_3141 Pending view 

 RBS 6,8 IC 102279 102342 EES 2005-02-12 vbi_bm1_5926 Provisional view 

           

Submit Selection to Pipeline

+ - ?

Add FeatureChoose a Feature to Add... and then click on First

Feature Table

 

Color Feature Method PMID Evidence Start End Score Owner Date Feature ID Edit 

1 CDS Glimmer 21617 IEA 102456 102724 0.98 GSAP 2005-02-12 gl0009 view 

2 CDS GeneMark 41225 IEA 102384 102724 -1.432 GSAP 2005-02-12 gm0005 view 

3 CDS RefSeq 32156 RCA 102456 102724 1 RefSeq 2005-02-12 rs332332 view 
4 CDS GAP 46654 IEA 102384 102724 0.978 GSAP 2005-02-12 gp0008 view 

5 Alignment BLASTX 45786 IEA 102545 103023 5.5e-23 GSAP 2005-02-12 SP24244 view 

6 RBS RBSfinder 87990 IEA 102279 102342 0.98 GSAP 2005-02-12 rf0004 view 

7 Repeat Xmatch 76567 IEA 102162 102279 145 GSAP 2005-02-12 xm0002 view 

8 RBS Gel_shift 45375 IPI 102279 102342 1 SAC 2004-12-13 gs12343 view 

+ - ?

Add FeatureChoose a Feature to Add... and then click on First

PATRIC Curation System
Gene Edit Page

• DNA-level curation interface

• Display of annotation from pipeline (GSAP)

• Graphical feature view

• Feature table

• Feature Table

Consists of primary data from:

• Pipeline (gene prediction, etc.)

• Programs run off-line

• Literature

• Curated Features 

Based on the curator’s interpretation of electronic 
annotation and experimental data from the literature

• Derivative sequences for downstream 
analysis

• CDS translations (Proteins)

• Ribosomal RNAs

• tRNAs



Protein Edit PageProtein Edit Page

Amino acid sequence

Nucleotide sequence

Navigation:   Curation Summary> Brucella melitensis Genome Overview> GeneID > ProteinID

Login:

Codon Usage Table

Protein Sequence View + ?-

Zoom:Global View Display top                alignments25 Minimum  E-value, 10e - 9

MKPLVDFSGVALLAKPDMSYRYGGAMALKELVEELGYAMPSWYPGKLVAMPQRSTVHGTRREVCYSTEEMPKLVEVVVKVDDMSYRYGGAMALKELVEEAARF

LOG OUT

Protein ID:    BM0345

Mol. Weight (kDa):  45.3

pI: 5.6

Organism: B. melitensis 16M

Length (aa):  345

Start: 123 End: 345

+ ?-
Sliding Window Width 25Kyte-Doolittle Hydrophobicity  Plot

C o lo r M e th o d ID F e a ture  Ev ide n c e S ta rt En d Owne r D a te D e ta ils

1 204.9 do main: P F00204.9: DNA to po is o meras e IEA 343 450 P AP 5/2/2005 view

2 986.8 do main: P F00986.8: DNA gyras e IEA 500 600 P AP 5/2/2005 view

3 S M A R T 433 s igna ture : SM00433: DNA to po is o meras e  II IEA 290 650 P AP 5/2/2005 view

4 S ig na lP 134789 S igna l peptide : XYZ s igna l IEA 1 12 P AP 5/2/2005 view

5 Lipo P 765881 S igna l peptide : ABC s igna l IEA 1 34 P AP 5/2/2005 view

6 helix IEA 1 23 P AP 5/2/2005 view

7 co il IEA 24 55 P AP 5/2/2005 view

8 s hee t IEA 56 100 P AP 5/2/2005 view

9 inner do m ain IEA 1 23 P AP 5/2/2005 view

10 TM do m ain IEA 24 55 P AP 5/2/2005 view

11 o uter do main IEA 56 199 P AP 5/2/2005 view

12 TM do m ain IEA 200 250 P AP 5/2/2005 view

13 inner do m ain IEA 251 279 P AP 5/2/2005 view

14 DNA gyras e-like  pro te in [S trepto myces  c o e lico lo r A3(2)]IEA 343 450 P AP 5/2/2005 view

15 puta tive  a  s ubunit o f to po is o m eras e  IV [Strepto m yces  avermitilisIEA 395 522 P AP 5/2/2005 view

16 DNA gyras e  s ubunit A [Le ifs o nia  xyli s ubs p. xyli s tr. CTCB07].IEA 405 545 P AP 5/2/2005 view

17 DNA gyras e  s ubunit A [P ro pio nibac te rium  acnes  KP A171202].IEA 401 543 P AP 5/2/2005 view

On to lo g y ID A ttrib ute Ev ide n c e Owne r D a te D e ta ils

C O G 1329 trans criptio na l regula to rs , s imila r to  M. xanthus  CarDIEA P AP 5/2/2005 view

GO 3918 DNA to po is o meras e  ac tivity IEA P AP 5/2/2005 view

EC 5.99.1.3 DNA to po is o meras e  (ATP -hydro lyzing) IEA P AP 5/2/2005 view

C o lo r P ro v F e a ture Ev ide n c e S ta rt En d Owne r D a te Edit

1,4 DNA to po is o meras e  do main IC 123 223 AP 6/20/2005 view

3 DNA gyras e  do m ain IC 284 363 AP 6/20/2005 view

5 s igna l peptide IC 1 34 AP 6/20/2005 view

P ro ve nanc e Ont o lo g y ID A t t rib ut e  N ame Evid e nc e Ow ne r D at e Ed it

8 COG 1329 trans criptio na l regula to rs , s imila r to  M. xanthus  CarD IC AP 6/20/2005 view

9 GO 3918 DNA to po is o meras e  ac tivity IC AP 6/20/2005 view

10 EC 5.99.1.3 DNA to po is o meras e  (ATP -hydro lyzing) IC AP 6/20/2005 view

S t a t us

Fina l

P ending

P ro vis io na l

P fa m

M e tho d

P fam

P fam

P S IP R ED 463567

TM HM M 346789

S MART

B LA S TP 432115

Evidence

Protein Sequence View

Features

Attributes Add Choose a Feature to Add...First then click

Curated Features and Attributes + ?-

Attributes

Add Choose a Feature to Add...First then click Delete Submit to Database

Class:

Shurley Curating

Supervisor

PATRIC Curation System
Protein Edit Page

• Protein-level curation interface

• Display of data from pipeline (PAP)

• Graphical feature view

• Feature & Attribute Tables

• Feature Table

• Functional, structural domains

• Alignments

• Attribute Table

• Function, process, location 

• As suggested by sequence analysis 
or experimental evidence

• Curated Features & Attributes

Based on the curator’s interpretation of electronic 
annotation and experimental data from the literature

• Curated Attributes for downstream 
analysis:

• Metabolic and signaling pathways

• Comparative genomics
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Curation Infrastructure

Annotation

DNA Sequence

Protein Sequence

Genome Analysis Pipeline (GAP)

Protein Analysis Pipeline (PAP)

Feature Prediction

SignalPPsortII LipoP Leader Sequence

TMHMM MEMSAT2 Transmembrane Segments

PSIPred Secondary Structure
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